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LONGITUDINAL AERODYNAMIC CHARACTERISTICS
AT MACH 1.50 TO 4.63 OF A MISSILE MODEL EMPLOYING VARIOUS
CANARDS AND A TRAILING-EDGE FLAP CONTROL

By Charles D. Trescot, Jr.
Langley Research Center

SUMMARY

An investigation has been made in the Langley Unitary Plan wind tunnel to determine
the static longitudinal stability and control characteristics of a missile configuration with
cruciform delta wings and various horizontal canards. The controls consisted of three
different trapezoidal canards and a wing trailing-edge flap located on the horizontal
wings only. The tests were made at Mach numbers from 1.50 to 4.63, through an angle-
of -attack range from about -4° to 300, at an angle of sideslip of 00, and at a Reynolds
number of 8.20 x 108 per meter (2.5 x 106 per foot).

The results are summarized in the form of various pertinent aerodynamic param-
eters as a function of Mach number. Although no detailed analysis of the results has
been made, the summary of results is useful in demonstrating the importance of certain
parameters and should be useful in providing a source of systematic experimental data
for correlation with analytical techniques,

INTRODUCTION

The National Aeronautics and Space Administration has investigated various types
of controls and lifting surfaces for supersonic and hypersonic missiles to determine
their effectiveness in providing maneuverability through a range of Mach numbers. (See
refs. 1to 31.) For these missile configurations, both canard controls and tail controls,
either in line or interdigitated with respect to the wings, are employed to provide the
maneuvering capability. Generally, the missile lifting surfaces are low-aspect-ratio
wings which offer advantages such as small center -of -pressure travel, low drag penalty,
and minimum space for stowage.

The present investigation was undertaken to determine the static aerodynamic sta-
bility and control characteristics of a missile configuration with cruciform delta wings
swept 72.9° and various in-line horizontal canards. The controls consisted of various
interchangeable trapezoidal canards and a wing trailing-edge flap on the horizontal wings



only. The configuration was identical with that of reference 14, which was tested at
M = 2.01 only.

The present tests were conducted in the Langley Unitary Plan wind tunnel and
exfend the Mach number range from 1.50 to 4.63 through an angle -of -attack range from
about -4° to 30°. The Reynolds number was 8.20 X 106 per meter (2.5 X 106 per foot).

SYMBOLS

Values are given both in the International System of Units (SI) and in the U.S.
Customary Units. Measurements were made in U.S. Customary Units. The force and
moment coefficients are referenced to both the body and stability axes. The coordinate
origin was taken on the body axis of symmetry at a point 64.35 percent of the body length
from the nose.

A cross-sectional area of body

b, canard span

CA axial-force coefficient, _A_xi%li_m'_cﬁ

CA,b base axial-force coefficient, Base axial force

qA

drag coefficient, Drag

. - Lift
CyL . lift coefficient, _qT
Cm pitching-moment coefficient, PitchingAr;)oment
a
Cm longitudinal stability parameter measured near zero angle of attack
o

Cm6 pitch-control effectiveness of canards measured between control deflections

c

’ of 0° and 20° at zero angle of attack, per degree
Cm5 ; pitch-control effectiveness of wing trailing-edge flap measured between con-

trol deflections of 0° and -20° at zero angle of attack, per degree



Normal force

normal-force coefficient,
gA

normal-force-curve slope measured near zero angle of attack, per degree

body diameter

length of body

lift-drag ratio

free-stream Mach number
free-stream dynamic pressure

radius

aerodynamic-center location referenced to body length (positive rearward)

angle of attack of body center line, degrees

canard deflection with respect to body center line, positive trailing edge
down, degrees

flap deflection with respect to wing-chord plane, positive trailing edge
down, degrees

Model-component designations:

B

C;,Cy,Cs

w

body

canard surfaces (horizontal only, fig. 1)

wing



MODEL

A drawing of the model with pertinent dimensions is shown in figure 1 and a photo-
graph of the model is shown as figure 2. The geometric characteristics of the model are
given in table I.

The body was composed of a modified ogive forebody and a cylindrical afterbody.
The forebody, which had provisions for mounting the canard surfaces, had a rounded nose
followed by a conical taper which faired into the ogive section. The ratio of overall
length to diameter was 8.67.

Both the wings and the canards were flat plates with wedge-shaped leading and
trailing edges. The cruiciform wings had a delta planform and a leading-edge sweep
of 72.9°. The area of the plain rectangular flaps, which were located on the trailing edge
of the horizontal wings only, was 11.53 percent of the exposed wing area. Provisions
were made for manual variation of the deflection angle of these flaps from 0° to -30°
in 10° increments.

Three different canards, each having a trapezoidal planform and a common hinge
line (10.54 percent of the body length), were employed for pitch control only in the plane
of the horizontal wings. (See fig. 1.) Provisions were made to vary the canard deflec-
tion angles manually from 0° to 20° in 10° increments. Canard Cq had an exposed area
equal to 9.58 percent of the exposed wing area and a total span that was equal to the body
diameter (bc/d = 1.0). Canard 02 had an exposed area approximately the same as that
of canard C1 (9.77 percent of the exposed wing area) but had a greater span (bc/d = 1.47)
and consequently a higher aspect ratio. Canard C3 maintained the same aspect ratio as
canard Cqg but had an exposed area that was approximately 50 percent larger (15.23 per-
cent of the exposed wing area) than that of canard C5 and a larger span (bc/d = 1.6’7).

APPARATUS AND TESTS

Ttre tests were made in both the low and high Mach number test sections of the
Langley Unitary Plan wind tunnel. The test sections are approximately 1.22 meters
(4 feet) square and 2.13 meters (7 feet) long. The nozzles leading to the test section
are of the asymmetric-sliding-block type; this allows continuous variation in Mach num-
ber from about 1.5 to 2.9 in the low Mach number test section and from about 2.3 to 4.7
in the high Mach number test section. For the present tests, the Mach numbers, stagna-
tion pressures, and stagnation temperatures were as follows:



Stagnation Stagnation
M pressure temperature

kN/m2 | 1b/ft2 0K oF

1.50 66.60 1391
1.90 75.94 1586
2.30 93.61 1955
2.96 129.75 2710
3.95 229.35 4790

4.63 315.05 6580 } 353

339 150

175

The stagnation dewpoint was maintained sufficiently low (238.7° K (-30° F)) to
insure negligible condensation effects in the test section. The model was mounted on a
six-component, internal, strain-gage balance which was sting supported in the tunnel.
The tests were made through an angle-of -attack range from about -4°% t0 30° at a side-
slip angle of 0°and at a Reynolds number of 8.20 X 108 per meter (2.5 x 106 per foot).
The Reynolds number based on body length was 5.42 X 106. The angles of attack have
been corrected for sting and balance deflection due to aerodynamic loads and for tunnel
airflow misalinement. The axial-force and drag data have been adjusted to a condition
of free-stream static pressure at the model base. Typical variations of base axial-force
coefficient as a function of angle of attack at the test Mach numbers are shown in figure 3
for several configurations,

Tests were made to determine the control effectiveness of the canards and the wing
trailing-edge flaps separately. In addition, tests were made to evaluate the effects of the
various components on the aerodynamic characteristics of the model. All tests were
made with the boundary-layer transition point fixed by means of roughness strips. The

leading edges of the 0.16-cm-wide (-1— -inch) transition strips were located about 3.05 cm

16
(1.2 inches) aft of the body nose and 1.02 cm (0.4 inch) streamwise behind the leading

edges of the wings and canards. All roughness strips were composed of carborundum
grains having a nominal diameter of 0.030 cm (0.012 inch).

PRESENTATION OF RESULTS

The results of the investigation are presented in the following figures:

Figure
Effects of the wing and canard C, on the longitudinal aerodynamic character-
isticsof themodel . . ... ... . ... ... ... ... ..., 4
Effects of the wing and canard Co on the longitudinal aerodynamic character-
isticsof themodel . . . . . ... ... .. .. ... ... . ... .. 5



Figure

Effects of the wing and canard C3 on the longitudinal aerodynamic character-
isticsof themodel . . . . . . . . . . i o i e e e e e e e 6

Summary of longitudinal characteristics . ... ... .. ... ..... e e e . 7

Effects of deflection of the canard C1 and the wing flap on the longitudinal
aerodynamic characteristics of themodel . . . ... . ... ......... 8

Effects of deflection of the canard C2 and the wing flap on the longitudinal
aerodynamic characteristicsofthemodel . .. ... ... .. ........ 9

Effects of deflection of the canard C3 and the wing flap on the longitudinal
aerodynamic characteristics of themodel . . . . .. .. ... ... ..... 10

Effects of wing-flap deflection on the longitudinal aerodynamic characteristics
of the model; canardoff . . . . .. ... .. ... oo s s e 11

Effects of wing-flap deflection on the longitudinal aerodynamic characteristics
of the model with canard C2 and 6, = 00 e 12

Summary of pitch-control effectiveness . . . . . .. .. ... ... 0000 13
SUMMARY OF RESULTS

The longitudinal aerodynamic characteristics of the models as affected by the var-
ious components are summarized in figure 7 for the test Mach number range. The addi-
tion of canard C to the body alone resulted in essentially a constant increase in Cy
throughout the test Mach number range. Maintaining the area of Cy but increasing “
the aspect ratio (canard Cz) resulted in a further increase in CN except at the higher

o

Mach numbers. Increasing the area of the canard (CB) while maintaining the aspect

ratio of Cy led to increases in Cy  across the Mach number range, The addition of
a

the wing to the body provided the greatest increase in Cy , as would be expected. How-
a

ever, when any of the canards were added to the wing-body configuration, a decrement in
Cy resulted throughout the test Mach number range. This decrease in Cy isa
o’ a

result of the interference flow field imposed on the wing by the canard. A decrease in
stability (+Cma) always results from addition of the canards, whereas the addition of the

wing always provides a stabilizing increment (-Cma). The aerodynamic-center location

as a fraction of body length is shown in figure 7(b).

For the canard-body configurations, there is little change in C, or CN
o

(fig. 7(a)) with increasing Mach number as contrasted to the wing-body-canard configura-
tions where Cp, and Cy  decrease with increasing Mach number.
a

6



Figures 8, 9, and 10 present the control-deflection data for canards Cl’ Cy, and C3,
respectively, and for the trailing-edge flap at 0 = -20°. The data indicate reasonably
linear variations of pitching moment with angle of attack for each configuration. The
canards and the trailing-edge flaps are effective pitch-control devices, although the
effectiveness (Cm G,C) for the canards tested is somewhat greater than for the trailing-

edge flap (fig. 13). The control effectiveness of canard C, is less than that of canards C2
and C 3 but remains essentially invariant with Mach number, whereas the control effec-
tiveness for canards Cq and C3 and for the trailing-edge flap decreases appreciably with
Mach number. (See fig. 13.)

A comparison of the wing trailing-edge flap control with the canard off (fig. 11) and
with canards on (figs. 8, 9, 10, and 12) indicates little or no effect of the canards on the
flap-control effectiveness.

Deflection of the trailing-edge flap to trim results in a decrement in lift, but deflec-
tion of the canard to trim is such that a positive lift increment generally occurs.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., August 24, 1971.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Body:

----------------------------

--------------------

Wing:
Area, exposed, cm2 (in2) . . . .. ... ... ...
Root chord, exposed, cm (in.)
Tip chord, cm (in.)
Span, total, em (in.) . . . . .. L. e

Trailing-edge flaps:

Span, each, em (in.) . . . . . . . . ... e
Chord,each,cm (in.)) . . .. ... ... ... ... uuueno..
Area, both, em2 (in) . . ... ... L
Exposed wing area, percent . . . . . . . ... .. .. ...,
Canards: C, Cy
Area, exposed, cm2 (in2) ., . . . . .. 32.13 (4.98) 32.77 (5.08)
Total span, em (in) ... ....... 7.62 (3.00) 11,18 (4.40)
Exposed wing area, percent . . ... .. .. 9.58 9.77
Ratio of total span to diameter . . . .. .. 1.00 1.47
Hinge-line location, percent body length 10.54 10.54

---------------------------

27.94
... 123

ooooooooooooooooooooooooooo
.........................

e o & .

--------------------------

« e »

66.04 (26.00)

7.62 (3.00)
45.61 (7.07)

. ... 8.67

335.48 (52.00)
33.02 (13.00)

0.00
(11.00)

7.62 (3.00)
2.54 (1.00)
38.71 (6.00)
11.53

3
51.10 (7.92)
12.70 (5.00)
15.23

1.67
10.54

11



“(58YUI) SJ9JBWIMLAY Ul e SUDISUBWID 43Ul |IY °|8pow ay} jo buimelq -1 a4nbiy

s 7,
o'
ol Al
135 preued TeddAl .
f50%ps Autgen pur Aupray ,
> 21
' i
v T i

' .
i (960 -
)
100°¢)
291 10022
it 1ggige
v : 1ader wdEns
I - - N . -
00°TI) Ialwan aouB1agl UIWON k,mwmv
v6LT ' " . i
e I / C . 3
uﬁmm.s - e - h ~ — - 882 - - ; !
L '
' (61°0) s '
. 8570 .
| _ - - - .
v
{15°2) (£1°0)
(00°%) v 8Ly T TR0
91'01 Al W8T sutp sdury prewey (6L72)
! h T 989 >
! ! \ - 100°8}
; == ze07 - -
' ! - gLt
[Ta43 . - .

12



§618-99-1

‘ydeabojoyd (apow -z aunbiy

13



A b

A b

=
1]
—
w
(=)

17 16 20 24 78 32

a, deg

Figure 3.- Typical variations of base axial-force coefficient with angle of attack.
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Figure 4.- Effects of the wing and canard Cy on the longitudinal aerodynamic characteristics of the model,
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Figure 4.- Continued.

25



@) WBC1

a BC1

O we
A B

.

hadt

R

A6

Figure 4.- Concluded,



1.

3
3
/}"3
T
8

%
3

o

12

,,,,,, I b, deg &, deg

-] O WBC, 0

10...  = BCZ 0
O ws 0t

A B Off
\ : !

‘Bg <
o
T

(o8t

e iy 0 4 8 17
a, deg

(a) M = 150,

“i6

24

28

32

Figure 5.- Effects of the wing and canard C2 on the longitudinal aerodynamic characteristics of the model.

PA



...............................................................

O WBC2 0 0

3 BC2 0 off

O wB off 0

A B 0 ff 0ff

=X

“RC

T
B8 e
& ]
; LT
. L
‘ ‘ A:r/’ﬂ’iﬁ .
A/«'&T‘i‘ M ‘““:‘

17" 16 20 24
a, deg

(@) Concluded.

Figure 5.- Continued.

28

32



1.

12 RELAEREEE

O WBC 0

)
o o BCZ 0

O we 0ff

A B Off

.....................................

) by, 0 4 8 iz 16 20 24 28
a, deg

(b} M = 1.90.

Figure 5.- Continued,

29



ey
/

a sc, 0 off T 5
O we 0ff 0 TS O O .

A B 0ff 0ff o+ ‘ f(ﬁ s

Joy v
SN

Wl
R
Xy

H
ke

N

i
i
i

.

3{,}‘1

oy

‘s -2 0 1 ) 12 16 20 20 28 32
a, deg

(b} Concluded,

Figure 5.- Continued.

30



1. 2T

12

10

hidRE

{ P 4 +
tan N

O WBC2

O BC
O WB

2

6C, deg

0
0
Off
Off

b

£

deg SORESET SO

0

Off
0

A B

Off

N

N

12
a, deg

(c) M =230

Figure 5.- Continued.

Y

28

32

31



L/D

O BC

O W8 off 0

A B 0ff 0ff

10

20 24 28

2-8 RSN R AR 1 B ! d ; “12
a, deg

{c) Concluded.

Figure 5.- Continued.

32

32



12

: O WBC

W= osc, o

L O we off
S

28 4 0 y 12 16 20 24 28 32
o, deg

(d} M =296

Figure 5.- Continued,

33



B I éc, deg éf, deg b /

2

O WBC, O 0 S L
l

0osc, 0 off //}
S WB o off 0 |

1 as off off s ;;// e

BN
158

) By 0 4 g 12 16 20 22 28
a, deg

{d) Concluded.

Figure 5.- Continued.



O, aeitli G Ml

deg

3.99.

e} M

- Continued,

Figure 5.

35



36

O WBC,z 0 0

FARN:

bsc, 0 of LT A
O WB 0ff 0 I I
[ IR [~

S
x;

~, AN

Py,

=

ot
tah
i

e

4 0 4 g 12 16
a, deg

{e) Concluded.

Figure 5.- Continued.




1.

O wBC, 0 0 ........

10 : - - et *
ool BB 0 off 8 1 A A DO D A

O wWB Off 0 EN3N FREEH 0 Norteet ‘ : d
| ! ; 1

AN
1%

X S

R
S
R
\

ar i 0 a8 12 16 20 24 28 32
a, deg

i M =4.63.

Figure 5.- Continued.

31



38

L/D

O WBC2

] BC2

O WB
N B

c’

0 0
0 Oft
Off 0

Off Off

{f) Concluded.

Figure 5,- Concluded.




1.2 : i e ‘

‘ ! : éc, deg b,,
J P Q - QO WBC3 0 0

-4 : ‘
0 O Y U0 D AR Y \g\ R T off
ST | TS O W oon 0

o ‘ ’ ! : N FAS I S N A B Off Off
-, 8 : . ? ; : T : :

CN -
2 i
Lt i

A By 0 4 8 12 16 20 24 28 32
a, deg

(a) M = 150.

Figure 6.- Effects of the wing and canard C3 on the longitudinal aerodynamic characteristics of the model,

39



,,,,,,,,,,,,,,,

Sl of | : i : ; | :
4 8 12 16 20 24 28
a, deg

{a) Concluded.

Figure 6.- Continued.

40

32



32

T T T 2 g I
ESuV AR L EERED IEeusERARCE s |
SRR e P S
SIS nE AR R R
SR LR R R B
ERESULE S e i ¢ ECRNN o m b b
o ke e
I B B ‘ \@ MBCBB — i ’ ]
- - : : ] T o 2 o : :
_ SN SN B T (N N O . l . ’* . L 1
L o \w . - R e el [T S Sl
| i : : :

12

(b M= 190,

Figure 6.- Continued.

41



L/D

O WBC,
O sc, 0
O WB off

FANN: Off

23 oy 0 T8 17 16 20 54 28 32
o, deg

{h) Concluded.

Figure 6.- Continued.

42



25 4 0 4 8 12 16
a, deg

() M =230

Figure 6.- Continued,

20

24

32

43



44

L/D

O WBC

] O BC,
: & W

A B

3

0
0
Off

0
Off
0

,{L "o H

off

(oS

RN

F-

\
12

o, deg

(¢} Concluded.

T T Y ST 32

Figure 6,- Continued.



X
T
L

N
N
QT
|
G
|

}.NT

I
&
i

0 0 (U A A T O I Y P i Q//,())
60, deg 6f, deg e T (ot o o n/ /
O WBC, 0 0 N 1 1 I N N R o Y D O
o A
Bl; 0 Off it o L B AT
< wB 0ff 0 . / : 4 ;
A B off off /o//c P Pl
‘ N b
- A o

AN
A\

5]
A

'\
g

A

‘%WX z
i
3

12 16 20 54 28 32
a, deg

F-.
[e2]

) M = 2.96.

Figure 6.- Continued.



46

0 , deg f deg

¢’

O WBC3 0 0

0 BC, 0 off
O WB off 0

Off

10p-

o, deg

{d) Concluded.

Figure 6.- Continued.

2y -4 0 ) 8 12 16 T2 g

28

32



!
N
:
5
<
i "\;‘(
b ék)

12—ttt

10

Figure 6.- Continued.



O WBC3 0

O BC, 0
O WB 0ff

0
Off
0
Off

A B off

1
i

D

1 . H H
I i : :

48

S
12 16 20 24 28 32
a, deg

(e) Concluded.

Figure 6.- Continued.



T

10

- S RRERy 4
| O wBC, 0 0 BN ‘ Ny graae

k] o we off i

N BC3 0 Off

N off off e 3//

%l

T e

N,
N
heY

Y

RN
R

By 0 4 8 12 16 30 24 78 32

() M =463

Figure 6.- Continued.

49



50

a, deg

{f) Concluded,

Figure 6.~ Concluded.

Y S 8 12 16

20

24

28 32



(a) Ca Cmu' and CN') as functions of Mach number,

Figure 7.- Summary of longitudinai characteristics.

51



papn|ouoy -4 alnbly

“19GWNU 4IRW JO UOIIUNG &SP

52



12 :

a, deg

(at M = 1.50.

Figure 8.- Effects of deflection of the canard C, and the wing flap on the longitudinal aerodynamic characteristics of the model,
Configuration WBCI.

53



54

(@) Concluded.

Figure 8.- Continued.




12 16
a, deg

(b} M = 1.90.

Figure 8.- Continued.

55



56

(b) Concluded.

Figure 8.~ Continued.




......

R R ARt nanns SEPTE IR RN

a, deg

(e} M =230

Figure 8.- Continued.

12 16

24

57



58

L/D

a, deg

{c) Concluded.

Figure 8.- Continued.




8 12 16
a, deg

(M) M =296

Figure 8.- Continued,

59



60

L/D

i
i

v

; 2 - | //;} .................
Eil RN, at
/g/%/
i

AN -
RNES

2 0 1 g 17 76

a, deg

{d) Conctuded.

Figure 8.- Continued.

20

24

E

3?2



5B
e
A
|
7
|
32

il
P

g

Pt
A
r

£\

I s S
] S
==
L]

L)
|

yort

NN
O T

o1 T
R o A
s
|
oS N O O S ot
e T
A
|
1
|
|
5

i

b

N

R‘}:....——- i
DT
b
c
1
2

At ey Same
00
-y

Fyd
S
{4

}+
A

1

-G
=
|

12

10
8
6
4

61

(e} M = 3.95,
Figure 8.- Continued.



62

BN

23 e 0 ] g 12 16 20 24 28 32
a, deg

(e) Concluded.

Figure 8.- Continued.



(fh M= 4.63.

Figure 8.- Continued,

63



L/D

(f) Concluded.

Figure 8.- Concluded.

64



| : Pl ] 0N I N SO S 3¢, deg 8, deg

T N N B T a 10 0
b AR R N ' 20 o

Y1 O O O O I T B 0 -20

i
i
i

i

T
VAN
TN

t

1

i

8 12 16 20 24 28 32

a, deg

fa) M = 150

Figure 9.- tffects of deflection of the canard C2 and the wing flap on the longitudinal aerodynamic characteristics of the model.
Configuration WBC,.



8¢, deg 8y, deg

0
0]
0
-20

T

Figure 9,- Continued.




I

12
a, deg

(b) M = 190,

Figure 9.- Continued.

67



8., deg &, deg

,,,,,,,,,,,,,,,,,,,,,,

o) 0

10 0
20 0

don

O -20

SRS SEOUE PRI U S ST A

o
e,

{;‘-. -
y
%’R -

AT

\%{\.\

aF

j Eé

b -

83

|

68

8

2 16 20 24
a, deg

{b) Concluded.

Figure 9.~ Continued.

28

32

Cp



12 20 24
A a, deg

) M =230

Figure 9.- Continued.

28

32

69



70

1
i

AU

S
SN

>
N

-
5

|
|

iy

N

@) O
03 10
< 20
1o 0

8., deg 85, deg

0
0
0
-20

\h\\ e

K ‘
Syrhe

80 i R M (T N
N A .
SN

N

(¢} Concluded.

Figure 9.- Continued.




wwsss: "
T )
17

%

e

i

a, deg

d) M =296,

Figure 9.- Continued,

71



72

;ij/ e 5. deq 5y, deq | |
i fba o 0 0

510 o s e

< 20 0]

AN ) -20

o4 }
AN IO ML v
5 i
[H O (. el
Pl
|

............................................

Ve
N

-2

-4 6] 4 8 12 16 20 24 28 32
a, deg

(d) Concluded.

Figure 9.~ Continued.



a, deg

(e) M = 3095,

Figure 9.~ Continued.

73



74

]

|

0
10
20
0

8., deg B8y, deg

H

,,,,,,,,,,,,,,,

8 2
a, deg

(e) Concluded.

Figure 9.- Continued.

20 24 28 32



2
8
.4
0

deg

a

sl it

(M =463

.- Continued,

Figure 9

75



6

i

o) 0]
r {0

20
o

> &

8¢, deg 8¢, deg

0
0

0
-20

(f) Concluded.

Figure 9.- Concluded.




Figure 10.- Effects of deflection of the canard C
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3 and the wing fiap on the longitudinal aerodynamic characteristics of the model.,
Configuration WBC3.
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